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Abstract 
Calcium stannates (Ca2SnO4), which has an inverse spinel structure, was adopted as the host material of emitting phosphor. Eu2O3–doped 
Ca2SnO4 (Ca2SnO4:xEu, 0.00-0.08) were prepared by solid-states reaction at 1350°C under atmospheric air with constant dwell time of 6 
h. The Rietveld analysis of the X-ray powder diffraction (XRD) was used for lattice parameters calculations and the XRD pattern results 
show that there was no phase transformation observed for all sintered Ca2SnO4: xEu3+ samples. Presence of Eu2O3 also improved 
sinterability of the produced ceramics as evidenced by their SEM micrographs. Luminescent spectra acquired at room temperature of all 
samples were observed in a broad range of a visible light wavelength region under ultraviolet light excitation. The ceramic samples 
produced by the present study showed the most intense light emission in the red light region. 
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1. Introduction 
Alkaline-earth stannates for the phosphor host materials of rare-earth activators have attracted intense interest in the past 
few decades, mainly due to their applications in lighting and display devices, including plasma display panel (PDP), field 
emission display (FED), white light diode, etc [1-3]. Recently, the phosphor host materials of rare earth activators have been 
proceeding and luminescence properties have been reported for CaSnO3: Pr, Tb-Mg, Eu3+, Sm3+ [4-7], SrSnO3: Eu3+ [7], 
BaSnO3: Eu3+ [7], Ca2SnO4: Tb3+, Sm3+, Eu3+, Ti [5,8-11], Sr2SnO4: Ti, Eu3+ [11-13], Ba2SnO4: Ti [11]. Kim et al. [14] 
reported a new high luminescence phosphor, Mg2SnO4:Mn for application in plasma display panel. In general, the properties 
of phosphors are strongly dependent on the crystal structure of the host materials. The structure of Ca2SnO4 consists of 
chains of SnO2 octahedral which are linked by edges. The calcium ions are surrounded by seven oxygen ions in an 
arrangement of low symmetry. 
One main problem in the Ca2SnO4 ceramics is the formation of intermediate phase as CaSnO3. The Ca2SnO4:xEu3+ (x = 
0-10 mol%) solution can be prepared by solid-state reaction with sintering temperature up to 1300qC [10], and CaSnO3 
formed as an intermediate product which later reacts with CaO to from the orthorhombic  phase. Yang et al. [15] prepared a 
sample with a composition of (Ca0.95Eu0.05)2SnO4 at 1250qC by solid-states reactions. Although, the sample was proposed to 
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show pure Eu3+ doped Ca2SnO4 but it contained a small amount of CaSnO3 as the inclusion. In this paper, the single-phase 
Ca2SnO4:Eu3+ were prepared by solid-state reaction method. All structural changes in the crystal structure were considered 
via a structural refinement; the microstructure features and the influence of Eu3+ in the sintering process were studied. 
Finally, the relation between the luminescence intensity and different Eu3+ doped was also investigated and discussed. 
2. Experimental
Powder samples of Ca2SnO4 were prepared by solid-states reaction from stoichiometric mixtures of CaCO3 (99.9 %, 
Fluka), SnO2 (99%, Acros organics). The resulting mixture was calcined in an alumina crucible in the air at 1300qC for 6 h. 
Then, the nominal concentration of Eu3+ dopants (0, 2, 4, 6 and 8 mol%, respectively) were applied. The ceramics green 
pellets were produced via uni-axial pressing and then they were heated at 1350qC for 6 h in air. X-ray diffraction (XRD) 
measurements were carried out on the PHILIPS X-pert model (CuKD radiation, O= 0.15406 nm). A step size of 0.01q(2T) 
and scanning range of 10-60° was applied. The bulk density was measured using the Archimedes method. Sample 
morphologies were analyzed using a JMS-540 LV scanning electron microscopy (SEM). Optical properties were measured 
by a spectrophotometer (Fluoro Max-4) at room temperature. A xenon lamp was used for excitation of the phosphor 
particles in the UV region and the emission spectra were recorded in the VIS region. 
3. Results and discussions  
3.1. Samples X-ray diffraction 
The XRD patterns shown in Fig.1a are basically the respond of a single phase Ca2SnO4 ceramics system with various 
Eu2O3 concentrations. All samples exhibit similar crystalline tendency without any impurities. The Ca2SnO4 crystal is 
characterized into orthorhombic structure with a = 0.57539 nm, b = 0.97015 nm, c = 0.32669 nm, space group Pbam lattice 
symmetry. It is in agreement with the standard JCPDS No.46-0112 the same as other reports [8, 10, 13]. However, for the 
closer detail in selected 2T range of 30.75q to 33.50q, shifting of 2T of the (200), (130), (111), and (021) peaks belonged to 
Eu3+ contained specimens are clearly observed as shown as the extended plots in Fig.1b. This is implying the changing of 
the d-spacing in crystal structure of those samples. Addition of Eu2O3 into the Ca2SnO4 ceramics composition has obvious 
influence on the crystal structure of the ceramics. The lattice parameters of Ca2SnO4 ceramics calculated from the XRD data 
are summarized in Table 1.  
Table1. Crystallographic data and structural refinement for Ca2SnO4:xEu3+ (x = 0, 2, 4, 6, 8 mol%) 
Ca2SnO4:Eu3+ Lattice parameters (Å) 
Sintering Temp.(ÛC) Activator concentration (mol%) a b c
cell volume 
(Å3) GOF 
0 5.7514 9.6998 3.2649 182.139 2.37 
2 5.7550 9.7162 3.2761 183.190 1.87 
4 5.7542 9.7105 3.2645 182.838 2.17 
6 5.7529 9.7053 3.2648 182.498 2.05 
1350 
8 5.7560 9.7183 3.2652 183.347 1.84 
With increases the Eu3+ content, the a-, b- and c-axis expansion are clearly seen in the Ca2SnO4 ceramics. Firstly, a-, b- 
and c-axis increases from 5.7514, 9.6998, 3.2649 in un-doped sample to 5.7550, 9.7162, 3.2761 with 2 mol% Eu3+. After 
that, it decreases with increasing the amount of Eu3+ (4 and 6 mol%) and it increases with increasing in sample with 8 mol% 
as shown in Fig.2a. Yang et el. [15] reported that change of d-spacing is due to densification of the cation (Ca2+, Eu3+ and 
Sn4+), occupation sites. They concluded that the Eu3+ ions substitute for the Ca2+ sites, rather than for the Sn4+ site. The 
consequence is the increases of the d-value [16]. Fig.2b shows the effect of Eu3+ content on the density of Ca2SnO4 
ceramics. Firstly, density increases from 2.91 g/cm3 in un-doped sample to 2.97 g/cm3 in sample with 6 mol% Eu3+. After 
that, it decreases with increasing the amount of Eu3+ (8 mol%). The result indicates that Eu3+ additive into Ca2SnO4 
composition leading to readjustment of the structure as evidenced by the XRD result shown above, and the same time it 
promotes a higher densification compared to un-doped sample after sufficient amount were added. 
3.2. Scanning electron microscopy 
To obtain densed ceramic, the solid states sintering of the Ca2SnO4 ceramics were carried out at 1350qC with the constant 
dwell time of 6 h. The resulting of microstructure developments are shown in Fig.3. Microstructure change related to 
amount of Eu3+ were clearly observed in term of difference grain size and distribution of porosities. The observed grain 
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sizes are 2.15, 2.85, 3.02, 3.28 and 2.72 Pm (very small) for samples with 0, 2, 4, 6 and 8 mol% of Eu3+, respectively. 
Increases of Eu3+ concentration tend to increases the grain size as well as giving materials with lower porosity as evidenced 
by density values reported in Fig.2b. However, the densification improved systematically with corresponding decrease in 
porosity and enhanced intergranular connectivity. Nevertheless, since about 95% of this porosity is ‘open’ in nature, it can 
be eliminated during the sintering step, thereby leaving a dense and compact body [17]. Also, relative density values were 
measured from the mass and the geometrical volume of the pellets before and after sintering. This gave values the density of 
pellets relative to the Eu3+ doped in the Fig.2b. 
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Fig.1. (a) The XRD patterns of Ca2SnO4 ceramics sintered at 1350qC for 6 h with different Eu3+ doping and (b) the extended plots of the patterns in the 
range of 30.75q to 33.50q 
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Fig.2. (a) The lattice parameters of Ca2SnO4 with Eu3+ content variations and (b) density of ceramics as a function of Eu3+ content. 
 
 (a) (b)  (c)  (d)  (e)  
Fig. 3. SEM photographs of ceramics sintered at 1350qC with different Eu3+ contents of a) 0 mol%, b) 2 mol%, c) 4 mol%, d) 6 mol% and e) 8 mol%. 
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Fig.4. Emission spectra of Ca2SnO4:xEu3+ (x=0-8 mol%) sintered at 1350qC (a) and Eu3+ dependence of normalized FL intensities at 618 nm under UV 
excitation of Oex= 273 nm (b). 
3.3. Luminescent properties of Ca2SnO4:xEu3+
The luminescent properties of Eu3+ in Ca2SnO4 host were investigated by the excitation and emission spectra at room 
temperature. As shown in Fig.4a, the emission spectrum under 273 nm (Oex=273nm) excitation consists of emission lines 
located at about 599 and 618 nm. They can be attributed to the characteristic transitions of Eu3+ from 5D0o7Fj where j=1, 2, 
3, and 4 [18, 19], namely the 5D0o7F1 (599 nm) and 5D0o7F2 (618 nm). Besides, the most intense emission peak at 618 nm 
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occurs through the forced electric dipole transition (5D0ĺ7F2), whose intensity is very sensitive to the site symmetry of Eu3+ 
ions. As a rule, the intensity ratio of (5D0o7F2)/(5D0o7F1), known as the asymmetry ratio, reveals the degree of distortion 
from the inversion symmetry of the local environment of Eu3+ ions in the host matrix [19]. Here the asymmetry ratio is 2.30 
calculated from Fig.4a. 
The Eu3+ concentration has little influence on the position of the excitation spectra. The emission intensity of Eu3+ 
increases up to the maximum at the concentration of 2 mol% and decreases at the higher concentration (4-8 mol%). When 
the doped concentration is low, the emission band of Eu3+ is observed and the emission intensity of Eu3+ is enhanced with 
the increasing (0-2 mol%) of Eu3+ concentrations was shown in Fig.4b. Upon UV excitation, the Ca2SnO4:Eu3+ phosphors 
exhibit strong red luminescence. The emission spectra not only contain the characteristic transition lines from the lowest 
excited 5D0 level of Eu3+. The strong red emission lines at 600 nm are due to the transition from 5D0 to 7F1 level of Eu3+, the 
integrated intensity of other transitions from 5D0 excited levels to 7F1 ground states is less intense [12]. Therefore in the host 
material Ca2SnO4 crystal, the emitting center does not occupy a site with a center of symmetry. 
4. Conclusion 
A solid state reaction method was used to synthesize Ca2SnO4:Eu3+ phosphor in this study.  The orthorhombic phase 
crystallized after calcinations at 1300qC for 6 h. SEM observation indicated a narrow size-distribution of about few microns 
for the particles. Luminescent properties were also investigated. The emission peaks situated at 618 nm (2eV) showing 
prominent and bright red light which is attributed to the 5D0o7F1 electric dipole transition. The excellent luminescence 
properties make it possible as a good candidate for PDP application. 
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